Study design: Retrospective cohort with linkage of administrative data sets. Objectives: To describe the patterns (for example, number of visits by year post-injury) and characteristics of the emergency department (ED) visits (for example, acuity level, timing of visits, reasons for visits) made by persons with traumatic spinal cord injury (TSCI) over a 6-year period following injury. Settings: Ontario, Canada. Methods: Rates of ED utilization and reasons for ED visits were calculated between the fiscal years 2003-2009. Reasons for visits were categorized by acuity level: potentially preventable visits were defined as visits related to ambulatory sensitive conditions; low acuity and high acuity visits were defined by the Canadian Triage and Acuity Scale. Results: The total number of ED visits for the 6-year period is 4403 (n ¼ 1217). Of these visits, 752 (17%) were classified as potentially preventable, 1443 (33%) as low acuity and 2208 (50%) as high acuity. The majority of patients, regardless of acuity level, did not see a primary care practitioner on the day of the ED visit and most visits occurred during the weekday (Mon-Fri 0700-1659 hours). ED use was highest in the first year but remained high over the subsequent years. For potentially preventable visits, the majority of visits were related to urinary tract infections (n ¼ 385 visits, 51.2%), followed by pneumonia (n ¼ 91, 12.1%). Conclusion: Given the high rates of ED use for low acuity and potentially preventable conditions, these results suggest that the ED is being used as an inappropriate substitute for primary care for individuals with TSCI 50% of the time.
INTRODUCTION
Persons with traumatic spinal cord injury (TSCI) face numerous challenges navigating through the primary health care system. Primary care serves a vital role as the first-contact with the health system and is important for health promotion, prevention, diagnosis and treatment. 1 In the general population, rates of emergency department (ED) utilization have been used as indicators of accessibility, availability and integration of primary care services. 2 For persons with TSCI, the high rates of rehospitalization, 3 and the frequency and severity of preventable secondary health conditions (SHCs) 4 suggest that there are deficiencies in care, of which insufficient primary care is presumed to be one of the key drivers.
While many of these SHCs are preventable or responsive to appropriate primary care management, 4 such as urinary tract infections, pressure ulcers, pain, they are purported to be key contributors for rehospitalizations in the post-acute phase. 3, 5, 6 The initial year post-injury has been suggested to be a critical phase in the development of SHCs 7 and consequently increases the likelihood of interactions with the health care system. 3, 5, 8, 9 In the United States, the average rehospitalization rate within the first year of injury was 55% decreasing to 37% after 5 years. 5 Similarly in Canada, the frequency of ED and physician visits are high in this same time period. 8 Thus, these SHCs may in part be due to fragmented care, and insufficient access to tertiary evaluation and primary care management. Given the relationship between ED use and primary care health services, it is important to understand the patterns of ED use over a significant period for persons with TSCI. Currently, there remains a significant gap in the literature related to examining patterns of care and characteristics of ED use in persons with SCI living in the community. The objective of this study is to describe the patterns (for example, number of visits by year post-injury) and characteristics of ED visits (for example, acuity level, timing of visits, reasons for visits) made by persons with TSCI over a 6-year period following injury. 
Privacy/ethics
This study was approved by the institutional Research Ethics Board.
Data sources
Administrative health care databases from Ontario, Canada, were used for this study and described below. Hospitalization records were obtained from the Canadian Institute for Health Information Discharge Abstract Database, which contains a detailed record of all hospital admissions from over 200 acute hospitals in Ontario. Every hospital record in the data set contains a patient's health card number, age, sex, postal code, date of admission, date of discharge and most responsible diagnostic codes (based on International Classification of Disease, Tenth Revision Canada (ICD-10-CA) codes). 10 ICD-10-CA is an enhanced version of the World Health Organization's International Statistical Classification of Diseases and Related Health Problems, 10th Revision (ICD-10). Outpatient physician visits were identified using the Ontario Health Insurance Plan. The main data elements included in a physician billing claim are patient and physician unique identifying number, date of the service/claim, fee code for service provided and fee paid. The Ontario Registered Persons Database contained basic demographic and vital statistics information, including death date, for each Ontario resident. The NACRS (National Ambulatory Care Resource System) database provided information on all visits to the ED and the main data elements are reasons for the ED visit and patient demographics. All databases were linked anonymously using encrypted individual health card numbers.
Study population
Individuals with TSCI admitted to Ontario hospitals between 1 April 2003 and 31 March 2009 were included in the cohort. Index cases were identified from acute care hospitalization records using ICD-10-CA diagnostic codes for SCI that have been previously used to determine TSCI incidence in Ontario. 11 Records were excluded if: gender was missing, age at index admission for SCI was o18 years, previous hospital stay for TSCI, index admission was not classified as the main reason for admission, died within index hospital admission, discharged after 31 March 2009 or repeated admission record. 11 
Demographic variables
Individual level variables included the following: age, sex, income quintile, rurality, injury level (cervical, thoracic, lumbar, other), concurrent traumatic brain injury, Charlson comorbidity index Deyo-Adaption for administrative data, 12 direct discharge to short-stay or long-stay rehabilitation, length of stay of index admission (admission to discharge), and whether individuals had a regular primary care physician (defined by having no primary care physician office visit or less than a rate of one per year of primary care physician office visits. The Rurality Index of Ontario (RIO) is a scaled index based on population factors and distance (ranges 0-100), and communities with higher values (cut point X45) are more rural. 13 Income levels are imputed from Census data, with the Ontario population divided into income quintiles with 1 being the lowest and 5 being the highest. Individuals were determined to not have a regular primary care physician by having no primary care physician office visit or less than a rate of one per year of a primary care physician office visit.
Total ED visits by year
The number of ED visits was counted for individuals from the date of index discharge from acute care to 31 March 2009. Individuals were assigned to a 'subcohort' based on the fiscal year of their index hospitalization, but the ED visits were stratified by 1-year increments from index discharge.
Visit types and characteristics
Potentially preventable, low acuity and high acuity visits. ED visits were classified as potentially preventable, low acuity and high acuity based on previous work examining ED use among nursing home residents. 14 Potentially preventable visits were defined as visits to the ED for Ambulatory Care Sensitive Conditions (ACSC), which are conditions that likely could have been managed by timely and effective primary care. ACSC are frequently used as indicators of lack of primary care access (see Appendix A). [14] [15] [16] We used the ACSC codes recently used by Grunier and colleagues, 14 which are based on Billings et al. 15 The Canadian Triage and Acuity Scale (CTAS) was used to define low and high acuity. The CTAS is a standardized measure of urgency for care in NACRS and the CTAS is administered to all persons visiting the ED. 17 Low acuity visits were defined as those visits with a CTAS score of 4 or 5 (less or non-urgent) and high acuity visits 1-3. If visits were not categorized as ACSC, these visits were then coded as either low or high acuity using the CTAS.
Visit characteristics. ED records were linked to physician billings to ascertain whether patients were seen by a physician on the day of the ED event. The timing of visit was captured by identifying the day and time of the visit: weekday (Mon-Fri 0700-1659 hours), weeknight (Mon-Fri 1700-0659 hours), weekend day (Sat, Sun 0700-1659 hours), weekend night (Sat, Sun 1700-0659 hours), and weekend (Fri 1700 to Mon 0659 hours). The most common procedure was determined by the highest percentage of all the recorded procedures performed during the visits. The 10 most-frequent reasons for ED visits were determined by the first three digits of the ICD-10-CA codes.
Analysis
There were two main analyses for this study, a longitudinal analysis that examined trends in ED use over time since injury and an aggregated analysis of all ED visits in the study period. The number of individuals per fiscal year were identified and compared on sociodemographic variables (sex, age, etiology of injury, level of injury, Charlson Index, traumatic brain injury diagnosis, discharge disposition from index acute setting, rurality, income quintile, length of acute care stay). 'Index' refers to the initial hospital admission related to the TSCI event. For each fiscal year subcohort, the following variables were calculated for every 1-year increment of follow-up data available from the index discharge date: the rate of ED visits (calculated by the number of visits per 100 persons), percentage of cohort with at least one visit to the ED, number of deaths and number lost to follow-up. Individuals who died or were lost to follow-up were censored, such that any ED visits during the incomplete year were not included in the ED visit count for that particular year; however, these visits of censored individuals were captured in the aggregated analysis. For example, every individual who did not die was censored at the end of the study period; that is, those who suffered their injury in 2008-2009 were censored after 1 year, and those injured in 2007-08 after 2 years, etc. We divided the follow-up into 1-year intervals from the date of index discharge, but for each individual at some point in the follow-up, there is o1 year between the end of the previous interval and the end of the study follow-up. We censored the individual for the incomplete interval so that all intervals are comparable.
RESULTS

Demographics and clinical characteristics
There were 1515 TSCI index cases that met our inclusion criteria and 1217 were classified as incident cases (see Appendix B). Table 1 shows the demographics and clinical characteristics of each subcohort by fiscal year as well as the overall cohort (N ¼ 1217). Among the overall cohort, the majority were male (n ¼ 912; 74.9%), had an injury at the cervical spine level (n ¼ 773, 63.5%), Charlson index of 0 (n ¼ 796; 65.4%), and lived in an urban setting (n ¼ 976, 80.2%). There were no major differences in any of these characteristics by fiscal year. Only 121 individuals (9.9%) did not have a regular primary care physician. Table 2 ). ED visits were generally more frequent in the first year following a TSCI, regardless of the fiscal year in which the Emergency department use and spinal cord injury SJT Guilcher et al injury occurred. Despite the ED visit rate being higher in the first year following injury, the ED utilization remained relatively high during the 6-year time interval. Overall, there were 110 visits per 100 persons in the first year following a TSCI, 102 visits per 100 persons in the second year, decreasing to 91, 80, 72 and 99, in the third, fourth, fifth and sixth year, respectively (see Figure 1) .
ED use was higher for individuals living in a rural area compared with those in more urban settings. Similar to previous results, the number of ED visits per 100 persons was highest in the first year following injury (rural-126 visits/100 persons; urban-106 visits/100 persons), and decreased slightly for the subsequent years. For example, 4 years post-injury, the number of rural visits was 109 per 100 persons, urban visits were 72 per 100 persons and 5 years postinjury, visits were 100 and 65 per 100 persons, respectfully. Similar patterns were observed in ED use over the years following injury for gender, as ED use was highest in the first year following injury but remained high over the subsequent years. (Table 3) . Of these visits, 752 (17%) were classified as potentially preventable, 1443 (33%) as low acuity and 2208 (50%) as high acuity. The majority of individuals, regardless of acuity level, did not see a primary care practitioner on the day of the ED visit. Further, the largest percentage (43.5%) of ED visits occurred during the weekday (Mon-Fri 0700-1659 hours). Of the procedures recorded, the most common procedures performed during the ED visit were related to X-ray imaging without contrast (thoracic cavity, abdominal cavity, spinal vertebrae). Overall, the majority of individuals were discharged home (66.3%).
Characteristics of ED visits
The top five reasons for ED visits by acuity are shown in Table 4 . For potentially preventable visits, the majority of visits were related to urinary tract infections (n ¼ 385 visits, 51.2%), followed by pneumonia (n ¼ 91, 12.1%). Low acuity visits were mostly due to pain-related reasons (n ¼ 153 visits, 10.6%), as well as prescription refills (n ¼ 138 visits, 9.6%). Pain-related reasons (pain in chest or throat, abdominal and pelvic pain, dorsalgia) contributed to a significant number of high acuity visits (n ¼ 300, 13.6%).
DISCUSSION
High rates of ED visits were identified for several years following the initial TSCI. The number of visits was higher in the first year following injury, with 110 visits per 100 persons (45.3% of sample visited the ED), and remained substantially high up until 6 years following injury (34.5% of sample 6 years post-injury visited ED). High health care utilization in the first year following injury is expected but our results show that individuals are still utilizing the ED at similar high rates many years following injury. These ED rates are higher than the general population in Ontario with an average of 39.7 visits per 100 population. 18 Approximately 50% of visits are emergent or urgent in nature for persons with a SCI, which are similar to the general population in Ontario, as 43% of visits classified as emergent/urgent. 19 Differences in ED patterns were observed based on the rurality index, as higher ED use was noted for individuals living in rural areas compared with those in more urban settings. This finding is consistent with previous literature as access to and availability of primary care physicians is more challenged in rural than in urban centers. 20 In previous work, rurality was identified as a significant predictor of ED utilization within the first year following a SCI. 8 One plausible explanation is that individuals living in rural communities may not have access to a regular primary care physician. However, a recent report that examined accessibility of rural and northern communities within Ontario showed that 99.6% of those living in rural communities with populations of p30 000 had access to a primary care provider within a 30-min driving distance. 21 There are other barriers to accessing appropriate primary care that may include physical inaccessibility, negative attitudes of practitioners, lack of practitioner expertise and systemic health policies. [22] [23] [24] These barriers may influence the choice of location for care. For example, if individuals need to have diagnostic imaging and/or blood work, it would be more time efficient to go to the ED for a 'one-stop shop.' For instance, referral policies to initiate services that require a physician's referral can lead to a delay in the initiation of time-sensitive services. Basic items such as prescription refills and receiving laboratory results could be done via the telephone or video-conferencing; however, most physicians are not financially compensated unless the individual physically visits the clinic. These remuneration policies need to be modified such that persons with complex conditions are able to receive health care services with minimal inconvenience and burden. Regardless of acuity level, most individuals did not see a primary care physician on the day of the ED visit, despite the fact that the plurality of visits occurred during the weekday working hours. Thus, for the 50% of visits classified as potentially preventable or low acuity, individuals could have accessed their primary care providers to address their health care needs rather than utilizing ED services. Furthermore, the majority of individuals (90%) had a regular primary care physician. We have examined whether individuals saw a primary care physician on the day of the ED visit. Only 12.2% of individuals went to a general practitioner on the day of the visit. Importantly, we are unable to determine whether individuals had timely access to primary care physician. Utilizing ED services for prescription refills, for example, is not a cost-effective use of health care services. Alternately, the lack of rural diagnostic services may prompt direct ED visits. Future studies on availability of services and access are needed to understand the reasons for the current pattern or preventable or low acuity ED visits. For example, are persons going to the ED because they cannot ascertain the level of acuity at the time of decision-making? Emergency department use and spinal cord injury SJT Guilcher et al Decreased access to primary care has been suggested to influence high ED utilization rates in other vulnerable populations with complex needs. 25 The use of ED resources for preventable primary care conditions has implications for the coordination of care between that of ED physicians and primary care professionals. 26 The fragmentation of care poses risks for duplicative treatment, misapplied treatment as well as cost-ineffective management. 26 There are a few methodological limitations to this study. While the ACSC codes have been validated in the general population and for the geriatric population, these conditions have not been specifically validated in the context of TSCI as potentially preventable. For example, given the medical vulnerability of a person with tetraplegia, pneumonia may be less preventable than for the general population. Given the importance of understanding the role of primary care in the prevention and management of SHCs after TSCI this would be important future research. Due to limitations in available data, we were unable to stratify by neurological status and a longer-term follow-up was not possible. Additionally, there was greater variability in the rates of ED visits at the later time points post-injury due to decreasing sample size.
CONCLUSIONS
This is the first study that has examined ED utilization patterns and characteristics for persons with TSCI over an extended time period. Given the high prevalence of SHCs, and the high rates of ED use for low acuity and potentially preventable conditions, these results suggest that the ED is being used as an inappropriate substitute for primary health care for individuals with TSCI 50% of the time.
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